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(54) COMPRESSED SELF-IGNITION TYPE GASOLINE ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compressed self- 
ignition type gasoline engine wherein the discharge of unburnt 
fuel is reduce din the case of compressed self-ignition and 
combustion and its fuel efficiency is improved. 
SOLUTION: A tumble control valve 14 is disposed at the front 
eng part of a partition plate 1 8 partitioning the inside of an 
intake port 5 into upper and lower parts. In the case of 
compressed ignition and combustion, an upper intake passage 
is closed by the valve 14 for the purpose of causing reverse 
tumble flow within combustion chamber and densely 
distributing the fuel injected from a fuel injection valve 19 on 
the exhaust side of the inside of a cylinder, and open/close 
timing^variable means 16, 17 are controlled in order to get the 
timing of intake/exhaust valves 6, 8 into a minus-overlapped 
condition and internal ERG(exhaust gas recirculation) gas is 
distributed on the exhaust side of the inside of the cylinder for 
the temperature on the exhaust side of the inside of the 
cylinder to be higher than that on the intake side thereof in 
temperature distribution. Accordingly, compressed ignition is 
caused on the exhaust side and the exhaust valve 8 is closed in the process of an exhaust stroke. 
Consequently, the unburnt fuel on the intake side is carried over with the EGR gas to the next cycle. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The compressed self-ignition type gasoline engine characterized by having set to the 
compressed seHHgnition type gasoline engine which does compressed self-ignition combustion of the 
gaseous mixture by a part of [ at least ] operating range, and making the combustion starting position 
in the cylinder at the time of said compressed self-ignition combustion into an exhaust side. 
[Claim 2] The compressed self-ignition type gasoline engine according to claim 1 characterized by 
having in a cylinder the fuel injection valve which injects a direct fuel, and making the fuel 
concentration in the cylinder in said compressed self-ignition operating range an exhaust air bulb side 
become deep to an intake valve side. 

[Claim 3] The compressed self-ignition type gasoline engine according to claim 1 or 2 characterized by 
equipping with a controllable valve gear the valve timing of the minus overlap which both the intake 
valve and the exhaust air bulb closed near the exhaust air top dead center, and making it remain in a 
cylinder by making a part of exhaust air into internal EGR gas by setting valve timing as said minus 
overlap by the compressed self-ignition operating range. 

[Claim 4] The compressed self-ignition type gasoline engine according to claim 3 characterized by 
making the gas temperature in the cylinder in said compressed self-ignition operating range an exhaust 
air bulb side become high to an intake valve side. 

[Claim 5] The compressed self-ignition type gasoline engine according to claim 4 characterized by 
having equipped the inhalation-of-air system with the gas flow control means which controls a gas flow 
of a combustion chamber, having distributed new mind over the intake valve side of a combustion 
chamber in the compressed selfHgnition combustion zone, and distributing said internal EGR gas over 
an exhaust side in the shape of a layer. 

[Claim 6] The tumble flow which is a controllable tumble control means and generates in a cylinder the 
tumble flow which generates said gas flow control means to a combustion chamber by the compressed 
self-ignition operating range is a compressed self-ignition type gasoline engine according to claim 5 
which makes a piston crestal plane the reverse tumble flow which flows from an inspired air flow path 
to an exhaust side, and is characterized by controlling by the jump-spark-ignition combustion operating 
range so that said tumble flow turns into an order tumble flow which flows a piston crestal plane from 
an exhaust side to an inspired air flow path. 

[Claim 7] The compressed self-ignition type gasoline engine of claim 3 characterized by injecting some 
fuels during said minus overlap period, and injecting the remaining fuel in the second half of a 
compression stroke thru/or claim 5 given in any 1 term. 

[Claim 8] A compressed self-ignition type gasoline engine given in any 1 term of claim 1 to which the 
tangential plane which have the approximate circle cylindrical surface-like crevice where a medial axis 
become parallel to a crankshaft in a piston crestal plane, and touch said cylinder side at the exhaust 
side edge of this crevice be characterize by be form so that it may cross inside the outer edge of said 
cylinder head and exhaust air bulb in the piston location in about 30 degrees in front of a top dead 
center thru/or claim 7. 

[Claim 9] The compressed self-ignition type gasoline engine according to claim 8 characterized by 
controlling fuel injection timing so that the fuel injected in the compression stroke from said fuel 
injection valve is unevenly distributed near the core of an exhaust air bulb. 

[Claim 10] A compressed self-ignition type gasoline engine given in any 1 term of claim 1 which has 
the 1st ignition plug in the center of combustion chamber abbreviation of the cylinder head, and 
arranges the 2nd ignition plug outside the exhaust air bulb core of said cylinder head, and is 
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characterized by discharging to the 2nd ignition plug near a compression top dead center in said 
compressed self-ignition operating range at least thru/or claim 9. 

[Claim 1 1] The injection valve which has an ignition plug in the center of combustion chamber 
abbreviation of the cylinder head, and injects a direct fuel in a cylinder is arranged under the suction 
port. In the compressed self-ignition type gasoline engine which has the stratification combustion 
operating range which lights by jump spark ignition and carries out flame propagation combustion after 
forming gaseous mixture, and a self-ignition combustion operating range the fuel injected from this 
injection valve — stratification — The compressed self-ignition type gasoline engine characterized by 
injecting fuel injection timing in the compression stroke second half at the time of self-ignition 
combustion operation in the same engine speed earlier than fuel injection timing in said stratification 
combustion operating range. 

[Claim 12] The compressed self-ignition type gasoline engine according to claim 11 characterized by 
setting up so that spacing to fuel injection timing and the compression top dead center in the second 
half of a compression stroke at the time of said self-ignition combustion operation may become 2.3 
times from 1.7 times to spacing from fuel injection timing in said stratification combustion operating 
range to ignition timing. 

[Claim 13] In the compressed self-ignition type gasoline engine which switches compressed self- 
ignition combustion and jump-spark-ignition combustion by the service condition It has the diaphragm 
with which the interior of a suction port is divided into an up-and-down inhalation-of-air path, and the 
tumble control valve which can close either of the inhalation-of-air paths of said upper and lower 
sides. At the time of compression ignition combustion, close an upper inhalation-of-air path by said 
tumble control valve, and a combustion chamber is made to produce a reverse tumble flow. The 
compressed self-ignition type gasoline engine characterized by closing a lower inhalation-of-air path by 
said tumble control valve at the time of stratification combustion of jump spark ignition, making a 
combustion chamber produce an order tumble flow, and opening the inhalation-of-air path of said 
upper and lower sides at both the times of homogeneity combustion of jump spark ignition. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the compressed self-ignition type gasoline engine 
which compresses and does self-ignition of the gaseous mixture in a part of [ at least ] operating 
range. 
[0002] 

[Description of the Prior Art] Since combustion is started by the multipoint of a combustion chamber, 
compressed seHHgnition combustion has the quick rate of combustion, and combustion by which the 
air-fuel ratio was stabilized also in the Lean condition compared with the usual jump-spark-ignition 
combustion can be realized. For this reason, since and combustion temperature falls possible 
[ improvement in specific fuel consumption ], NOx in exhaust gas can also be reduced sharply. [ an air- 
fuel ratio ] 

[0003] Moreover, in high rotation and a heavy load field, reservation of high rotation and the high power 
engine performance at the time of a heavy load and coexistence of low rotation, the improvement in 
specific fuel consumption at the time of a low Naka load, and improvement in the environmental engine 
performance called reduction of NOx can be aimed at by making the usual jump-spark-ignition 
combustion perform, and changing a combustion gestalt from said jump-spark-ignition combustion to 
compressed self-ignition combustion in low rotation and a low Naka load field. 

[0004] When making compressed self-ignition combustion perform using the low fuel of self-ignition 
nature like a gasoline, it is effective to use the heat energy which residual gas has. this is shown in 
JP,10-266878,A — as — like an exhaust air line — from — in case it shifts like an inhalation-of-air 
line, it realizes by establishing the minus overlap period (sealing period) when both an exhaust air bulb 
and an intake valve serve as close, and making the so-called internal EGR which produces residual gas 
positively perform. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the fuel distributed over the low- 
temperature layer near the combustion chamber wall surface was discharged as an unburnt fuel, 
without resulting in compressed self-ignition in order to mix to the internal EGR gas and the 
homogeneity to which the fuel injected by the suction port was introduced into the combustion 
chamber in the condition mixed with new mind, and remained to the combustion chamber, if it is in said 
conventional configuration, there was a trouble that aggravation and exhaust air HC of fuel efficiency 
increase. 

[0006] the unburnt fuel in said combustion chamber wall surface — gaseous mixture — since it has 
the inclination which increases, so that fuel concentration is so low that gas temperature is low, the 
compressed self-ignition combustion at the time of low loading occurs more notably. 
[0007] It is what took the example by this trouble, the purpose controls the hot EGR gas and fuel 
distribution in a combustion chamber, and it is high in whenever [ near the exhaust air bulb / 
combustion chamber internal temperature ], and is making fuel concentration deep, and this invention 
is offering the compressed self-ignition type gasoline engine which raised fuel consumption while it 
reduces discharge of the unburnt fuel at the time of compressed self-ignition combustion. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according 
to claim 1 makes it a summary to have set to the compressed self-ignition type gasoline engine which 
does compressed self-ignition combustion of the gaseous mixture by a part of [ at least ] operating 
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range, and to have made the combustion starting position in the cylinder at the time of said 
compressed self-ignition combustion into the exhaust side. 

[0009] In order to attain the above-mentioned purpose, in a compressed self-ignition type gasoline 
engine according to claim 1, invention according to claim 2 is equipped with the fuel injection valve 
which injects a direct fuel in a cylinder, and makes it a summary to have made the fuel concentration in 
the cylinder in said compressed self-ignition operating range an exhaust air bulb side become deep to 
an intake valve side. 

[0010] In order to attain the above-mentioned purpose, both invention according to claim 3 makes it a 
summary to equip with a controllable valve gear the valve timing of the minus overlap which the intake 
valve and the exhaust air bulb closed near the exhaust air top dead center, and to make it remain in a 
cylinder by making a part of exhaust air into internal EGR gas by setting valve timing as said minus 
overlap by the compressed self-ignition operating range in a compressed self-ignition type gasoline 
engine according to claim 1 or 2. 

[0011] In order to attain the above-mentioned purpose, invention according to claim 4 makes it a 
summary to have made the gas temperature in the cylinder in said compressed self-ignition operating 
range an exhaust air bulb side become high to an intake valve side in a compressed self-ignition type 
gasoline engine according to claim 3. 

[0012] In order to attain the above-mentioned purpose, invention according to claim 5 makes it a 
summary to have equipped the inhalation-of-air system with the gas flow control means which controls 
a gas flow of a combustion chamber, to have distributed new mind over the intake valve side of a 
combustion chamber in the compressed self-ignition combustion zone, and to have distributed said 
internal EGR gas over the exhaust side in the shape of a layer in a compressed self-ignition type 
gasoline engine according to claim 4. 

[0013] In order to attain the above-mentioned purpose, the tumble flow to which invention according 
to claim 6 is a controllable tumble control means, and generates the tumble flow which generates said 
gas flow control means to a combustion chamber in a compressed self-ignition type gasoline engine 
according to claim 5 in a cylinder by the compressed self-ignition operating range makes a piston 
crestal plane the reverse tumble flow which flows from an inspired air flow path to an exhaust side, and 
let it be a summary to control by the jump-spark-ignition combustion operating range so that said 
tumble flow turns into an order tumble flow which flows a piston crestal plane from an exhaust side to 
an inspired air flow path. 

[0014] In order to attain the above-mentioned purpose, invention according to claim 7 makes it a 
summary to inject some fuels during said minus overlap period, and to inject the remaining fuel in the 
second half of a compression stroke in the compressed self-ignition type gasoline engine of claim 3 
thru/or claim 5 given in any 1 term. 

[0015] In order to attain the above-mentioned purpose invention according to claim 8 In a compressed 
self-ignition type gasoline engine given in any 1 term of claim 1 thru/or claim 7 Have the approximate 
circle cylindrical surface-like crevice where a medial axis becomes parallel to a crankshaft in a piston 
crestal plane, and the tangential plane which touches said cylinder side at the exhaust side edge of this 
crevice sets in piston location of about 30 degrees in front of a top dead center. Let it be a summary 
to be formed so that it may cross inside the outer edge of said cylinder head and exhaust air bulb. 
[0016] In order to attain the above-mentioned purpose, invention according to claim 9 makes it a 
summary to control fuel injection timing so that the fuel injected in the compression stroke from said 
fuel injection valve is unevenly distributed near the core of an exhaust air bulb in a compressed self- 
ignition type gasoline engine according to claim 8. 

[0017] In order to attain the above-mentioned purpose, in a compressed self-ignition type gasoline 
engine given in any 1 term of claim 1 thru/or claim 9, invention according to claim 10 has the 1st 
ignition plug in the center of combustion chamber abbreviation of the cylinder head, and arranges the 
2nd ignition plug outside the exhaust air bulb core of said cylinder head, and makes it a summary to 
have been made to discharge to the 2nd ignition plug near the compression top dead center in said 
compressed selfHgnition operating range at least 

[0018] In order to attain the above-mentioned purpose invention according to claim 11 The injection 
valve which has an ignition plug in the center of combustion chamber abbreviation of the cylinder head, 
and injects a direct fuel in a cylinder is arranged under the suction port In the compressed self-ignition 
type gasoline engine which has the stratification combustion operating range which lights by jump spark 
ignition and carries out flame propagation combustion after forming gaseous mixture, and a self-ignition 
combustion operating range the fuel injected from this injection valve — stratification — Let it be a 
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summary to inject fuel injection timing in the compression stroke second half at the time of self- 
ignition combustion operation in the same engine speed earlier than fuel injection timing in said 
stratification combustion operating range. 

[0019] In order to attain the above-mentioned purpose, invention according to claim 12 makes it a 
summary to have set up so that spacing to fuel injection timing and the compression top dead center 
in the second half of a compression stroke at the time of said self-ignition combustion operation might 
become 2.3 times from 1.7 times to spacing from fuel injection timing in said stratification combustion 
operating range to ignition timing in a compressed self-ignition type gasoline engine according to claim 
11. 

[0020] In order to attain the above-mentioned purpose invention according to claim 1 3 In the 
compressed self-ignition type gasoline engine which switches compressed self-ignition combustion and 
jump-spark-ignition combustion by the service condition It has the diaphragm with which the interior of 
a suction port is divided into an up-and-down inhalation-of-air path, and the tumble control valve 
which can close either of the inhalation-of-air paths of said upper and lower sides. At the time of 
compression ignition combustion, close an upper inhalation-of-air path by said tumble control valve, 
and a combustion chamber is made to produce a reverse tumble flow. At the time of stratification 
combustion of jump spark ignition, close a lower inhalation-of-air path by said tumble control valve, and 
a combustion chamber is made to produce an order tumble flow, and let it be a summary to open the 
inhalation-of-air path of said upper and lower sides at both the times of homogeneity combustion of 
jump spark ignition. 
[0021] 

[Effect of the Invention] According to invention according to claim 1, in order that a fuel [ in / since 
compressed self-ignition combustion is started from the exhaust side in a cylinder / the combustion 
chamber wall surface near the exhaust air bulb ] may be put to an elevated temperature burnt gas and 
may receive compression with advance of combustion, combustion progresses that it is easy to 
become an elevated temperature, and generating of an unburnt fuel is suppressed to an intake valve 
side, the gas which the gas by the side of the exhaust air bulb which does not almost have unburnt 
[ HC ] highly is discharged previously, and a burnup exists in an intake valve side like an exhaust air 
line, and occupies unburnt [ in a cylinder / HC / the great portion of ] — self — since it is easy to 
remain in a cylinder as EGR, unburnt [ which exists in exhaust gas / HC ] decreases, and purification of 
the improvement in thermal efficiency and exhaust air can be attained. 

[0022] According to invention according to claim 2, since the fuel concentration in a cylinder was made 
for an exhaust air bulb side to become deep to an intake valve side, the combustion initiation from an 
exhaust side is realizable. Furthermore, that near an exhaust air bulb is an elevated temperature, and 
when an enriched mixture exists near an exhaust air bulb, the unburnt fuel near the exhaust air bulb 
can reduce the temperature distribution in the combustion chamber wall surface of the cylinder head, 
and they can heighten effectiveness according to claim 1 more. 

[0023] By according to invention according to claim 3, equipping with a controllable valve gear the 
valve timing of the minus overlap which both the intake valve and the exhaust air bulb closed near the 
exhaust air top dead center, and setting valve timing as said minus overlap by the compressed-self- 
ignition operating range, since an exhaust air bulb becomes with close on the way in an exhaust air line 
by said minus overlap, it becomes that it is further hard to be discharged, and the gas containing the 
unburnt fuel which exists in an inspired air flow path will be carried over by degree cycle with residual 
gas. Therefore, effectiveness according to claim 1 or 2 can be heightened more. 
[0024] Since the gas-temperature distribution in a cylinder is made for an exhaust air bulb side to 
become high to an intake valve side, while the combustion initiation from an exhaust side is realizable 
according to invention according to claim 4, since whenever [ near an exhaust air bulb / mixed 
atmospheric temperature ] goes up, the unburnt fuel near the exhaust air bulb can decrease, and the 
effectiveness of a publication can be raised more to claims 1-3. 

[0025] According to invention according to claim 5, an exhaust side according to claim 4 can realize 
gas-temperature distribution in a cylinder higher than an inspired air flow path by equipping an 
inhalation-of-air system with the gas flow control means which controls a gas flow of a combustion 
chamber, having distributed new mind over the intake valve side of a combustion chamber in the 
compressed self-ignition combustion zone, and having distributed said internal EGR gas over the 
exhaust side in the shape of a layer. 

[0026] According to invention according to claim 6, said gas flow control means It is a controllable 
tumble control means about the tumble flow generated to a combustion chamber. The tumble flow 
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generated in a cylinder in a compressed self-ignition operating range makes a piston crestal plane the 
reverse tumble flow which flows from an inspired air flow path to an exhaust side. Since said tumble 
flow controlled the piston crestal plane by the jump-spark-ignition combustion operating range to 
become the order tumble flow which flows to an inspired air flow path from an exhaust side, by it, it It 
becomes possible to acquire effectiveness according to claim 5 t without reconciling distribution and a 
gas flow in a cylinder at the time of jump-spark-ignition combustion whenever [ cylinder internal 
temperature / at the time of compressed self-ignition combustion ] f and sacrificing the engine 
performance of a jump-spark-ignition operating range. 

[0027] According to invention according to claim 7, since he is trying to supply some fuels to a 
combustion chamber during said minus overlap period, the oxygen which remains in said internal EGR 
[ near the top dead center in said minus overlap period ], an unburnt fuel, and said newly thrown-in fuel 
oxidize partially, and reforming is carried out to a reactant high fuel. Since the combustion in a low- 
temperature region of this fuel by which reforming was carried out is attained more, in addition to the 
effectiveness of claims 3-5, it becomes possible [ controlling generating of the unburnt fuel in a 
combustion chamber wall surface ]. 

[0028] According to invention according to claim 8, it has the approximate circle cylindrical surface- 
like crevice where a medial axis becomes parallel to a crankshaft in a piston crestal plane, and in front 
of the top dead center, in the piston location of about 30 degrees, the tangential plane which touches 
said cylinder side at the exhaust side edge of this crevice is formed so that it may cross inside the 
outer edge of said cylinder head and exhaust air bulb. For this reason, since the fuel supplied from the 
fuel injection valve is conveyed near [ elevated temperature ] the exhaust air bulb also in a cylinder 
head side along the crevice of said piston crestal plane, it becomes possible [ acquiring effectiveness 
given in seven from claim 1 certainly ]. 

[0029] In order that the fuel injected from the fuel injection valve may inject to the timing which points 
to the core of an exhaust air bulb according to invention according to claim 9, it becomes possible to 
acquire the effectiveness of claim 8 certainly. 

[0030] Since the 2nd ignition plug is prepared in the exhaust air bulb side of the cylinder head in which 
an enriched mixture exists by the combustion chamber and it was made to discharge to said 2nd 
ignition plug near a compression top dead center by the compressed self-ignition operating range 
according to invention according to claim 10, in addition to effectiveness given in nine, it becomes 
possible from claim 1 to ensure initiation of compressed self-ignition combustion. 
[0031] According to invention claim 11 and given in 12, since the fuel injection timing in the 
compression stroke in a compressed self-ignition operating range can be set up appropriately, it 
becomes possible to reduce the unburnt fuel contained in exhaust gas. 

[0032] The diaphragm with which the interior of a suction port is divided into an up-and-down 
inhalation-of-air path according to invention according to claim 13, It has the tumble control valve 
which can close either of the inhalation-of-air paths of said upper and lower sides. At the time of 
compression ignition combustion, close an upper inhalation-of-air path by said tumble control valve, 
and a combustion chamber is made to produce a reverse tumble flow. Since close a lower inhalation- 
of-air path by said tumble control valve at the time of stratification combustion of jump spark ignition, 
a combustion chamber is made to produce an order tumble flow and the inhalation-of— air path of said 
upper and lower sides was opened at both the times of homogeneity combustion of jump spark ignition 
The compressed self-ignition type gasoline engine which satisfied distribution, a gas flow in a cylinder 
at the time of jump-spark-ignition stratification combustion, and the engine performance at the time of 
jump-spark-ignition homogeneity combustion whenever [ cylinder internal temperature / which raised 
the temperature of an exhaust side ], respectively at the time of compressed self-ignition combustion 
can be offered. 
[0033] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based 
on a drawing. Drawin g 1 is the system configuration Fig. showing the 1 st operation gestalt of the 
compressed selfHgnition type gasoline engine concerning this invention. In drawing 1 , the combustion 
chamber 4 is formed of a cylinder block 1, a piston 2, and the cylinder head 3. 

[0034] The cylinder head 3 is equipped with the intake valve 6 which opens and closes a suction port 5 
and these suction ports 5, and the exhaust air bulb 8 which open and close a suction port 5, the 
exhaust air port 7 arranged in opposite, and these exhaust air port 7. 

[0035] An intake valve 6 and the exhaust air bulb 8 are opened and closed through an air inlet cam 9 
and an exhaust cam 10 by the bulb drive system outside drawing, respectively. This bulb drive system 
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has considered the closing motion stage of an intake valve 6 and the exhaust air bulb 8 as the 
controllable configuration through the closing motion stage adjustable means 11 and 12 with the 
directions from the engine control unit 22. That is, modification of a substantial compression ratio, the 
amount of internal EGR gas, etc. are controlled by low [ of an engine ] and the inside load field, and it is 
considering as the configuration which can realize the elevated temperature in which compressed self- 
ignition operation is possible, and a high-pressure condition in them. 

[0036] The inlet pipe 13 is connected to the upstream of a suction port 5, the tumble control bulb 14 is 
attached to the inlet pipe 13 near the downstream end face, and the throttle valve 15 for air content 
adjustment, the air flow meter for air content measurement which is not illustrated, the air cleaner, etc. 
are formed in the upstream. 

[0037] Furthermore, it crosses to a plane of composition with an inlet pipe 13 near the intake valve 6, 
and diaphragm 18a which divides tubing up and down is prepared in the interior of a suction port 5. 
Diaphragm 18b over the center-of-rotation shaft of the tumble control bulb 14 is similarly prepared in 
the inlet pipe 13 continuously with said diaphragm 18a from the plane of composition with a suction 
port 5. 

[0038] the tumble control bulb 14 and a throttle valve 15 — respectively — the engine control unit 22 
— the closing motion means 16 and 17 — minding — bulb closing motion — suppose that it is 
controllable. 

[0039] On the other hand, the bottom of a suction port 5 is attended at the cylinder head 3, and the 
fuel injection valve 19 which injects the gasoline fuel supplied from a fuel pump 23 in the direct 
combustion chamber 4 is formed. 

[0040] Moreover, the ignition plug 20 is formed in the abbreviation center position in a combustion 
chamber 4 at the cylinder head 3, and an ignition plug 20 is used when mainly performing the usual 
jump-spark-ignition combustion at the time of high rotation and a heavy load. 

[0041] In the engine control unit 22, as a signal which shows an engine service condition Whenever 
[ engine rotational frequency signal and crank angle ] A signal, a load signal, an air content signal, an 
intake-air-temperature signal, An exhaust-gas-temperature signal, a fuel-pressure signal, an oil water 
temperature signal, etc. are inputted, and data processing is carried out based on the signal of these 
various kinds. Each bulb opening control of the valve timing of said intake valve 6 and the exhaust air 
bulb 8, the tumble control bulb 14, and a throttle valve 15, the injection quantity of a fuel injection 
valve 19 and fuel injection timing, and the ignition timing of an ignition plug 20 are controlled 
appropriately. 

[0042] Drawing 2 is the top view and side elevation showing the crestal plane configuration of a piston 
2. it is shown in drawi ng 2 — as — the crestal plane abbreviation center section of the piston 2 — an 
engine's crankshaft and abbreviation — the crevice 24 of the shape of an approximate circle cylindrical 
surface which has an parallel medial axis is formed. And in front of the top dead center, in the piston 
location in about 30 degrees, the tangential plane 25 which touches said cylinder side at the edge of 
the exhaust side of the crevice 24 of a piston 2 is formed so that it may cross inside the outer edge 26 
of said cylinder head 3 and exhaust air bulb 8. 

[0043] For this reason, the tumble flow formed like the inhalation-of-air line of the crevice 24 is 
maintained to a compression stroke, the fuel further injected from the fuel injection valve 19 in the 
second half of a compression stroke is conveyed to an exhaust side from an inspired air flow path 
along a crevice 24, and it arrives at the exhaust air bulb 8 neighborhood near a compression top dead 
center. 

[0044] (a) of drawing 9 and (b) show an example of adjustable control of the valve timing of an intake 
valve 6 and the exhaust air bulb 8, and at the time of jump-spark-ignition operation, they consider as 
the condition of (a) which is the usual valve timing, and they are set up so that the valve-overlap stage 
of the specified quantity when both the exhaust air bulb 8 and the intake valve 6 serve as open in near 
an exhaust air top dead center may occur. 

[0045] Valve timing is made into the condition of (b) at the time of compressed self-ignition operation, 
namely, it is controlled by the inhalation-of-air line so that the open stage of an intake valve 6 carries 
out a lag and opens on the way, while the closed stage of the exhaust air bulb 8 carries out a tooth 
lead angle and closes an exhaust air line on the way, and it is set up so that it may be in a minus 
overlap condition. 

[0046] Thus, it becomes possible to make the burnt gas equivalent to the volume of combustion 
chamber of an exhaust air bulb close stage pile up in a combustion chamber 4, and to carry over as 
internal EGR gas to degree cycle by considering as the valve timing which constitutes the minus 
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overlap period (sealing period) which both induction-exhaust valves closed near the exhaust air top 
dead center. Compressed self-ignition combustion with the Lean air-fuel ratio is realized near a 
compression top dead center so that it may mention later, using effectively the heat energy which this 
internal EGR gas has. 

[0047] Next, actuation of this operation gestalt is explained. Drawin g 3 is drawing explaining the 
switching condition of the tumble control bulb 14 in each operation mode, and the condition of the 
tumble flow formed in a combustion chamber 4. 

[0048] The tumble control bulb 14 is controlled in the condition that the path of upper case 5a of a 
suction port 5 divided with the diaphragm 18 serves as close, and the path of this lower-berth 5b 
serves as open to be shown in drawing 3 (a) at the time of compressed selfHgnition operation. 
Consequently, new mind mainly flows in a combustion chamber 4 through the outside of an intake valve 
6, and the weak reverse tumble flow 27 generates it in a combustion chamber 4. Therefore, in a 
combustion chamber 4, the internal EGR gas with which a cold new mind was mainly distributed over 
the top face of an inspired air flow path and a piston 2, and was shut up by another side and the 
above-mentioned minus overlap is relatively distributed near the exhaust air bulb 7, and the gas 
temperature in a cylinder will be in a condition [ elevated temperature / neighborhood / exhaust air 
bulb 7 ]. 

[0049] On the other hand, the tumble control bulb 14 is controlled by the time of jump-spark-ignition 
operation by low rotation in the condition that the path of lower-berth 5b of a suction port 5 serves as 
close, and the path of stage 5a same as the above serves as open to be shown in drawing 3 (b). 
gaseous mixture uniform when the order tumble flow 28 strong in a combustion chamber 4 occurs by 
this and the fuel-injection timing from a fuel injection valve 19 is an inhalation-of-air line in the first 
half — the flow component according to the spraying accomplishment force and an order tumble flow 
while helping generation, when injection timing serves as the second half of a compression stroke an 
interval — the ignition plug 20 neighborhood — stratification — gaseous mixture can be formed and 
stratification combustion by jump spark ignition is realized. 

[0050] In the time of high rotation and jump-spark-ignition operation with a heavy load, as shown in 
drawing 3 (c), the tumble control bulb 14 is controlled in the condition of becoming a diaphragm 18 and 
abbreviation parallel, and is changed into the condition that both upper case 5a and lower-berth 5b of a 
suction port 5 opened. For this reason, inflow resistance of new mind is not made to increase and the 
engine performance at the time of the full load at the time of jump-spark-ignition operation is 
maintained. 

[0051] Next, the fuel part blanket-like voice of this operation gestalt is explained using drawing 4 . 
Drawing 4 (a) shows the new mind of a combustion chamber and the distribution of EGR gas in the first 
half of a compression stroke, drawing 4 (b) shows the situation of the fuel injection in the second half 
of a compression stroke, and drawing 4 (c) shows the situation of the fuel diffusion in the second half 
of a compression stroke, respectively. 

[0052] As shown in drawing 4 (b), the fuel at the time of compressed self-ignition operation points to 
the crevice 24 formed in said piston crestal plane in the second half of a compression stroke, and is 
injected. This fuel is conveyed to an exhaust air bulb side along the cylinder side of said crevice 24 by 
the reverse tumble flow currently generated in its accomplishment force and a combustion chamber 4 
while being evaporated and spread, and the fuel concentration of gaseous mixture is deep near the 
exhaust air bulb, and is formed in the condition of becoming so thin that it going to an inspired air flow 
path. 

[0053] Since the tangential plane 25 which touches said cylinder side at the exhaust side edge of said 
crevice 24 of a piston crestal plane is formed in front of the top dead center so that it may cross in 
the piston location in about 30 degrees inside the outer edge 26 of the cylinder head 3 and the exhaust 
air bulb 8, the fuel has controlled advancing into the A section in drawing 4 surrounded by the low- 
temperature combustion chamber wall surface. 

[0054] Furthermore, as fuel injection timing of a fuel, it has set up so that the core of the fuel 
concentration of gaseous mixture may take the lead in the exhaust air bulb 8 near a compression top 
dead center. A fuel will be distributed over about eight exhaust air bulb which serves as an elevated 
temperature most among the fields which face in the combustion chamber 4 of the cylinder head 3 by 
this. 

[0055] consequently, the unburnt gas which occurs in the gas-temperature low-temperature region 
near the combustion chamber wall surface as shown in drawing 6 — about eight exhaust air bulb — 
setting — alternative distribution of internal EGR, and gaseous mixture — when the effectiveness of 
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rich-izing of concentration and a hot combustion chamber wall temperature collaborates, it decreases 
sharply. 

[0056] Next, the condition of applying like an expansion line from ignition at the time of self-ignition 
combustion with reference to drawing 5 is explained. 

[0057] It is compressed toward that the gaseous mixture in a combustion chamber 4 is rich near the 
exhaust air bulb, and the combustion chamber side where it is that the gas which occurred in the 
exhaust air bulb 8 neighborhood as the first ignition was shown in drawing 5 (a), since it was an 
elevated temperature, and burned here expands, and the gaseous mixture of the unburnt condition of 
the perimeter counters the exhaust air bulb 8, and goes. Whenever [ mixed atmospheric temperature / 
of an unburnt condition ] goes up by this compression, it sequential-lights, it burns and a fuel goes, as 
shown in drawing 5 (b). 

[0058] At the time of a burn out, as shown in drawing 5 (c), the layer of a piston crestal plane and the 
unburnt fuel which did not result only near the intake valve at ignition will exist 

[0059] The 1st peak of the unburnt fuel (HC) concentration generated the above result at the time of 
exhaust air bulb 8 open [ which is measured in the exhaust air port 7 ] as shown in drawing 8 It falls by 
having reduced the unburnt fuel generated on the combustion chamber wall surface of the exhaust air 
bulb 8 neighborhood. Since the exhaust air bulb 8 serves as close before being discharged, the unburnt 
fuel generated in the 2nd peak which generates an exhaust air line before termination, i.e., an inspired 
air flow path combustion chamber wall surface, a piston crestal plane, etc. will be shut up into internal 
EGR gas, and will burn in degree cycle. Therefore, it makes it possible to obtain improvement in 
combustion efficiency, and purification of exhaust gas to coincidence. 

[0060] If some fuels are injected during said minus overlap period in addition to the above-mentioned 
effectiveness, fuel reforming using the oxygen which exists in internal EGR gas by compression near an 
exhaust air top dead center is possible, the low loading region of a self-ignition operating range — 
reservation of ignitionability — and — relative — Lean — although it is necessary to perform self- 
ignition combustion by gaseous mixture, it becomes possible to reduce the unburnt fuel generated in 
the exhaust air bulb 8 neighborhood also in Lean gaseous mixture by reforming the fuel in internal EGR 
gas by said fuel reforming. 

[0061] Moreover, an example of the relation between fuel injection timing in the second half of a 
compression stroke in a self-ignition combustion zone and HC emission rate measured in the exhaust 
air port 7 is shown in drawing 1 1 . In order to aim at reduction of HC emission rate in a self-ignition 
combustion zone, it turns out that the optimal fuel injection timing exists. This is because the unburnt 
fuel reduction effectiveness which gaseous mixture becomes thin in order that diffusion of a fuel may 
progress too much in too early fuel injection timing, and cannot form an enriched mixture in the 
exhaust air bulb 8 neighborhood enough in fuel injection timing which is too late on the contrary, but is 
shown in drawing 6 is no longer acquired fully. 

[0062] It turns out that said optimal fuel injection timing is earlier than fuel injection timing of jump 
spark ignition which suited in the same engine speed, and a stratification combustion operating range, 
this — fuel injection timing of said stratification combustion operating range — stratification — it is for 
fuel injection timing of a compressed self-ignition operating range having to pass said ignition plug 20 
to gaseous mixture being a stage suitable for reaching the ignition plug 20 arranged in the center of 
abbreviation of the cylinder head 3, having to arrive at the exhaust air bulb 8 neighborhood, and 
requiring long time amount 

[0063] Furthermore, the optimal fuel injection timing at the time of compressed self-ignition 
combustion turns into a stage when the period which even a compression top dead center takes from 
injection becomes twice [ about ] a period from the injection at the time of said stratification 
combustion in the same engine speed to ignition. Although this generating ignition at the time of 
compressed self-ignition combustion near a compression top dead center and the distance from the 
fuel injection valve 19 to the exhaust air bulb 8 are 2 double weakness of the distance from this fuel 
injection valve 19 to an ignition plug 20, the accomplishment force which the fuel spray's has declining, 
and an interval are because it is generated. 

[0064] Next, the gestalt of the 2nd operation of this invention is explained based on drawing 10 . With 
the 2nd operation gestalt, it is characterized by adding and installing the 2nd ignition plug 21 in the 
location which faces in a combustion chamber 4 in the lower part of the exhaust air port 7 to the 1st 
operation gestalt Ignition timing is controlled by the engine control unit 22, and the 2nd ignition plug 21 
is used in order to mainly discharge at the time of compressed self-ignition combustion and to assist 
compressed self-ignition combustion initiation. 
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[0065] In addition to the effectiveness of the 1st operation gestalt, the following effectiveness can be 
acquired with the 2nd operation gestalt. a low loading region — gaseous mixture — carrying out 
discharge by the 2nd ignition plug 21 near before [ a compression top dead center ] 40 degree, and 
making about eight exhaust air bulb generate a radical (activity chemical species) in the case where 
concentration is relatively thin — Lean — positive ignition can be obtained even if it is gaseous 
mixture. 

[0066] Moreover, in order to avoid rapid combustion, it is necessary to make it light in a heavy load 
region after a compression top dead center. In such a situation, only compression enables it to 
generate ignition at the stage demanded by adjusting said amount of minus overlap so that ignition may 
not occur in front of a top dead center, and carrying out discharge after a top dead center with the 
2nd ignition plug 21. 



[Translation done.] 
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